A Gram-stain-negative, aerobic, non-motile, rod-shaped and yellow-pigmented bacterium, designated strain THG S15-2 T , was isolated from playground soil in Sindorim-dong, Guro-gu, Seoul, South Korea. According to 16S rRNA gene sequence comparisons, strain THG S15-2 T was found to be related most closely to Pedobacter ginsengisoli Gsoil 104 T (97.5 % similarity),
The genus Pedobacter was first described by Steyn et al. (1998) and belongs to the family Sphingobacteriaceae. The description of this genus has been emended by Vanparys et al. (2005) , Hwang et al. (2006) , Gallego et al. (2006) , Zhou et al. (2012) , Farf an et al. (2014) , Kook et al. (2014) and Du et al. (2015) . Currently, the genus Pedobacter consists of 54 species with validly published names (http:// www.bacterio.net/pedobacter.html). Species of the genus Pedobacter have been isolated mainly from soil (Yoon et al., 2007; Gordon et al., 2009; Ngo et al., 2014; Kook et al., 2014) and water (Gallego et al., 2006; Hwang et al., 2006; Baik et al., 2007; Joung et al., 2014; Park et al., 2015; Singh et al., 2015) . In addition, Pedobacter species have been found in some extreme environmental conditions such as nitrifying inoculum (Vanparys et al., 2005) , a hard-water rivulet (Muurholm et al., 2007) , compost (Lee et al., 2009) , Arctic soil (Zhou et al., 2012) and coastal sand dune (Bitzer et al., 2014) . Members of the genus Pedobacter are characteristically Gram-stain-negative; have iso-C 15:0 , iso-C 15:0 2-OH, iso-C 15:0 3-OH, C 16:0 , C 16:1 !7c, iso-C 17:1 !9c and iso-C 17:0 3-OH as the predominant fatty acids; have phosphatidylethanolamine as the major polar lipid; have menaquinone-7 (MK-7) as the predominant respiratory quinone; have symhomospermidine as the major polyamine (Margesin & Shivaji, 2010) ; and have DNA G+C contents of 33-45 mol% . A novel species of the genus Pedobacter is described here by using a polyphasic approach.
Strain THG S15-2 T was isolated from playground soil in Sindorim-dong, Guro-gu, Seoul, South Korea. One gram of the sample was suspended in 10 ml of sterile 0.85 % (w/ v) NaCl (saline solution). Serial diluted samples were plated onto nutrient agar plates (NA; Difco). The plates were incubated at 28 C for 1 week. Single colonies were purified, transferred to fresh NA plates and re-incubated. One isolate, THG S15-2 T , was cultured routinely on NA at 28 C and preserved as a suspension in nutrient broth (NB; Difco) with glycerol (25 %, w/v) at À80 C.
Extraction of the genomic DNA was achieved using a commercial genomic DNA extraction kit (Solgent). The 16S rRNA gene was amplified from the chromosomal DNA with two primer pairs, (27F; 1492R) and (518F; 805R) (Weisburg et al., 1991) , and the purified PCR products were sequenced by Solgent. The 16S rRNA gene sequences of related taxa were obtained from the GenBank database and EzTaxon-e server (Kim et al., 2012) . Multiple
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain THG S15-2 T is KM073965.
Three supplementary figures are available with the online Supplementary Material.
alignments were performed by using the CLUSTAL_X program (Thompson et al., 1997) . Gaps were edited in the BioEdit program (Hall, 1999) . Evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) . Phylogenetic trees were reconstructed using the neighbour-joining method (Saitou & Nei, 1987) and the maximum-likelihood method (Tamura et al., 2011) in the MEGA 5.2 program, with bootstrap values based on 1000 replications (Felsenstein, 1985) .
According to the EzTaxon-e server, 16S rRNA gene sequence similarity indicated that the closest relatives of strain THG S15-2 T were Pedobacter ginsengisoli Gsoil 104 T (97.5 %), Pedobacter panaciterrae Gsoil 042 T (97.4 %), Pedobacter seoulensis THG-G12 T (97.1 %) and Pedobacter caeni LMG 22862 T (97.1 %). The relationship between strain THG S15-2 T and all members of the genus Pedobacter was also supported by the phylogenetic trees ( Fig. 1 and Fig. S1 , available in the online Supplementary Material). In addition, the generally accepted criteria for delineating bacterial species state that strains showing 16S rRNA gene sequence dissimilarity above 3 % are considered as belonging to separate species (Stackebrandt & Ebers, 2006; Tindall et al., 2010) . These data therefore suggested that THG S15-2 T belonged to the genus Pedobacter but may represent a novel species.
Gram-staining was determined using a bioM erieux Gram stain kit according to the manufacturer's instructions. Growth was tested using several bacterial media such as NA, tryptone soya agar (TSA; Oxoid), R2A agar (Difco), Luria-Bertani agar (LA; Oxoid) and MacConkey agar (Oxoid) at 28 C. Growth at different temperatures (4, 10, 24, 28, 33 and 42 C) and at various pH (pH 4.0-10.0, at intervals of 0.5 pH units) was assessed in nutrient broth (NB) after 7 days of incubation at 28 C. For the pH experiments, two different buffers were used (final concentration, 100 mM): acetate buffer was used for pH 4.0-6.5 and phosphate buffer was used for pH 7.0-10.0. The pH was confirmed after autoclaving. Salt tolerance was tested in NB supplemented with 0-9 % (w/v) NaCl (at 1 % intervals) after 7 days of incubation at 28 C. Growth was estimated by monitoring the optical density at 600 nm. Anaerobic growth was tested in serum bottles containing NA supplemented with thioglycolate (1 g l À1 ), in which the air was substituted with nitrogen gas. Cell morphology was observed at Â11 000 magnification, with a transmission electron microscope (Model JEM1010; JEOL) using cells grown for 48 h at 28 C on NA. Motility was assayed on sulfide-indole-motility medium (SIM; Difco). Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) N,N, N¢,N¢-tetramethyl-1, 4-phenylenediamine reagent. Tests for degradation of starch [
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Solitalea koreensis R2A36-4 T (EU787448) . Carbon-source utilization and enzyme activities were tested by using API ZYM, API 20NE and API ID 32 GN test kits according to the instructions of the manufacturer (bioM erieux). P. ginsengisoli KACC 11819 T , P. panaciterrae KACC 12905 T , P. seoulensis KACC 17529 T and P. caeni KACC 11496
T were included as reference strains for the investigation of biochemical tests using the same laboratory conditions. Cells of strain THG S15-2 T were Gram-stain-negative rods (0.43-0.52Â1.28-1.96 µm). A transmission electron micrograph is available as Fig. S2 . Oxidase and catalase were negative. The isolate was found to be able to grow well on TSA, NA, R2A agar and LA but not on MacConkey agar. Growth occurred at 4-33 C (optimum 24-28 C) and at pH 6.0-9.0 (optimum 6.5-8.0). In NB medium, an NaCl concentration up to 1.0 % (w/v) was tolerated. Cells were unable to hydrolyse DNA, casein, starch, CM-cellulose, chitin, L-tyrosine, Tween 20 or Tween 80. The physiological characteristics of strain THG S15-2 T are summarized in the species description and in Table 1 .
For determination of the DNA G+C content, genomic DNA was extracted, purified and degraded enzymatically into nucleosides (Moore & Dowhan, 1995) . The nucleotides were analysed using reversed-phase HPLC (Alliance 2690 system; Waters) (Mesbah et al., 1989) with reversed-phase column SunFireÔ C18 (4.6Â250 mmÂ5 m), 1.0 ml min DNA-DNA hybridization was performed fluorometrically, according to the method developed by Ezaki et al. (1989) with modifications (Stabili et al., 2008) , using photobiotinlabeled DNA probes and microdilution wells. DNA-DNA hybridization was carried out to determine levels of relatedness between the novel strain THG S15-2 T and its closest relatives P. ginsengisoli KACC 11819 T , P. panaciterrae KACC 12905 T , P. seoulensis KACC 17529 T and P. caeni KACC 11496
T . The optimum renaturation temperature (34.4 C) was calculated as [(0.51 Â G+C content) + 47] À 36 (Gillis et al., 1970) , where 36 C is the correction for the presence of 50 % formamide (McConaughy et al., 1969) . Hybridization was performed with five replications for each sample. The highest and lowest values obtained for each sample were excluded and the means of the remaining three values were converted to percentage DNA-DNA relatedness.
The DNA G+C content of strain THG S15-2 T was 45.9 mol %, close to the range of G+C contents of members of the genus Pedobacter (Margesin & Shivaji, 2010; Kook et al., 2014; Kang et al., 2014 (Wayne et al., 1987; Stackebrandt & Goebel, 1994) . On the basis of DNA-DNA relatedness results, it is evident that strain THG S15-2 T represents a novel species.
Polar lipids of strains THG S15-2 T and its closest phylogenetic neighbour P. ginsengisoli KACC 11819 T were analysed as described by Minnikin et al. (1984) . The polar lipids were extracted from freeze-dried cells grow on NA for 48 h at 28 C. Polar lipids were examined by two-dimensional TLC using TLC Kieselgel 60F254 (Merck) plates (20Â20 cm) with solvent 1 (chloroform/methanol/water; 65:25:4) and solvent 2 (chloroform/methanol/acetic acid/water; 80:12:15:4, v/v/v/v). After being developed in the solvent system, the individual spots were visualized by charring. The total lipids were stained by spraying with 5 % molybdophosphoric acid and charred at 120 C for 5 min. Amino lipids were detected by spraying with 0.2 % ninhydrin and charred at 120 C for 2 min. Phospholipids were detected by spraying with molybdenum blue reagent at room temperature. The glycolipids were irreversibly stained with a-naphtahol-sulphuric acid by charring at 120 C for 2 min.
The cellular fatty acids of strain THG S15-2 T and the type strains of the four most closely related Pedobacter species were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI). Fatty acids were then analysed using a gas chromatograph (Hewlett Packard 6890) and the Sherlock Aerobic Bacterial Database (TSBA60) (Sasser, 1990) . Respiratory quinones were extracted from 300 mg freeze-dried cells with chloroform/methanol (2/1, v/v), separated by using hexane and eluted with hexane/diethyl ether (90/10, v/v); the eluent was then evaporated in a rotatory evaporator and dissolved in acetone (Collins & Jones, 1981) . Menaquinone purification was achieved using a reverses-phase HPLC system (Alliance 2690 system; Waters) [wavelength 270 nm, solvent methanol/2-propanol (7: 5, v/v), flow rate 1.0 ml min À1 ] as previously described (Tamaoka et al., 1983; Hiraishi et al., 1996) . The polyamines of strain THG S15-2 T and P. ginsengisoli KACC 11819 T were extracted as described by Busse & Auling (1988) and Taibi et al. (2000) . Polyamines were extracted from approximately 100 mg freeze-dried samples with 2 ml of 0.2 M HClO 4 at 100 C for 30 min with occasional shaking. Each mixture contained the internal standard l,8-diaminooctane (10 mol per 100 mg of cells). Samples were analysed using a Waters Alliance 2690 HPLC system fitted with a reversed-phase column (Watchers 120 ODS-AP 4.6Â250 mmÂ5 µm) and using an analyte flow rate of 1.0 ml min
À1
, wavelength of 234 nm and 60 % methanol as the mobile phase.
The polar lipid profile of strain THG S15-2 T is shown in Fig.  S3 . The polar lipid profile comprised phosphatidylethanolamine, two unidentified aminolipids, and two unidentified glycolipids; there were minor amounts of an unidentified aminophospholipid , unidentified aminolipids and unidentified lipids. In comparison with reference strain P. ginsengisoli KACC 11819 T , the polar lipid profile of strain THG S15-2 T was quite different in the composition of lipids and glycolipids. However, major polar lipid of strain THG S15-2 T was phosphatidylethanolamine, as with all Pedobacter species (Margesin & Shivaji, 2010) . The major cellular fatty acids were identified as summed feature 3 (C 16:1 !7c and/or C 16:1 !6c; 33.26 %), iso-C 15:0 (21.63 %) and C 16:0 (10.92 %) ( Table 2 ). The predominant respiratory quinone detected in strain THG S15-2 T was menaquinone-7 (MK-7). MK-7 is acharacteristic of species within the family Sphingobacteriaceae. The major component in the polyamine pattern was sym-homospermidine.
In summary, the characteristics of strain THG S15-2 T are consistent with descriptions of the genus Pedobacter with regard to morphological, biochemical and chemotaxonomic properties. However, some phenotypic characteristics differentiating strain THG S15-2 T from its most closely related species were detected in the enzyme profile, including negative results for esterase lipase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, amannosidase and a-fucosidase, and positive result for a-chymotrypsin. On the basis of phylogenetic distances between strain THG S15-2 T and recognized species of the genus Pedobacter species, strain THG S15-2 T should be assigned to the genus Pedobacter as a representative of a novel species, for which the name Pedobacter humi sp. nov. is proposed. T . All data are from this study, except the DNA G+C content of the reference strains (taken from Ten et al., 2006; Yoon et al., 2007; Ngo et al., 2014; Vanparys et al., 2005) . For hydrolysis tests, all strains are negative for starch, chitin and Tween 80. Catalase and oxidase tests are positive. In API 20NE tests, all the strains are positive for hydrolysis of glucosidase, b-galactosidase and N-acetyl-glucosamine; negative for reduction of nitrates, indole production, arginine dihydrolase, urease, D-mannitol, gluconate, caprate, adipate, malate, citrate and phenyl-acetate. In API ZYM tests, all strains are positive for alkaline phosphatase, leucine arylamidase and acid phosphatase; negative for lipase (C14) and b-glucuronidase. +, Positive; W, weakly positive; À, negative. Glucose cidification
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Description of Pedobacter humi sp. nov
Pedobacter humi (hu'mi. L. gen. n. humi of earth, soil).
Cells are Gram-stain-negative rods (0.43-0.52Â1.28-1.96 µm), non-motile and aerobic. Catalase-and oxidase-negative. Grows in NB at 4-33 C; optimum growth at 24-28 C. Growth occurs on NA, TSA, R2A agar and LA but not on MacConkey agar. Growth occurs in NB at pH 6.0-9.0 and with 0-1 % (w/v) NaCl. Colonies are smooth, circular, yellow and convex, 0.5-1.5 mm in diameter. Cells are unable to hydrolyse DNA, casein, starch, CM-cellulose, chitin, L-tyrosine, Tween 20 or Tween 80. According to API ZYM tests, positive for alkaline phosphatase, leucine arylamidase, valine arylamidase, a-chymotrypsin, acid phosphatase, b-glucosidase and N-acetyl-b-glucosaminidase; weakly positive for esterase (C4) and cystine arylamidase; negative for esterase lipase (C8), lipase (C14), trypsin, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, a-mannosidase and a-fucosidase. In API 20NE test, positive for b-glucosidase (aesculin hydrolysis), bgalactosidase (PNPG), D-glucose, L-arabinose, D-mannose, Nacetyl-glucosamine and D-maltose; tests for nitrate reduction, indole production, glucose acidification, arginine dihydrolase, urease, protease (gelatin hydrolysis), D-mannitol, and assimilation of gluconate, caprate, adipate, malate, citrate and phenyl-acetate are negative. In API ID 32 GN tests, positive for D-glucose, salicin, D-melibiose, L-arabinose, L-proline, Lrhamnose, N-acetyl-glucosamine, D-sucrose, D-maltose and glycogen; negative for the other tests. The predominant menaquinone is MK-7; and summed feature 3 (C 16:1 !7c and/ or C 16:1 !6c), iso-C 15:0 and C 16:0 are the major components of the cellular fatty acids (>10 %). The major polar lipid is phosphatidylethanolamine. The polyamine pattern is symhomospermidine.
The type strain, THG S15-2 T (=KCTC 42735 T =CCTCC AB 2015293 T ), was isolated from playground soil in Sindorimdong, Guro-gu, Seoul, South Korea. The G+C content of the genomic DNA of the type strain is 45.9 mol%. 
